Objective: To describe the current scientific evidence of recovery and return to activity following exertional heat stroke (EHS). Data Sources: Information was collected using MEDLINE and SPORTDiscus databases in English using combinations of key words, exertional heat stroke, recovery, rehabilitation, residual symptoms, heat tolerance, return to activity, and heat illness. Study Selection: Relevant peer-reviewed, military, and published text materials were reviewed. Data Extraction: Inclusion criteria were based on the article's coverage of return to activity, residual symptoms, or testing for long-term treatment. Fifty-two out of the original 554 sources met these criteria and were included in data synthesis. Data Synthesis: The recovery time following EHS is dependent on numerous factors, and recovery length is individually based and largely dependent on the initial care provided. Conclusion: Future research should focus on developing a structured return-to-activity strategy following EHS.
Exertional heat stroke (EHS) arises when a person's metabolic heat production, coupled with environmental conditions, overpowers the body's ability to dissipate heat. EHS is common during the summer months and when athletes are exercising at a higher intensity than they are accustomed. 1 EHS may cause organ and system damage capable of leading to short-or long-term detriments to physical activity and delay, or even prevent full recovery. A search was completed using Medline and SPORTDiscus databases available online for published research journals in October, 2005. Search terminology included individual and combined searches with exertional heat stroke, recovery, rehabilitation, residual symptoms, heat tolerance, return to activity, and heat illness. Other documents were obtained from publications related to return to activity (eg, military protocols), presentations, and personal interviews of experts up to the time of submission. Overall, the original search resulted in 554 possible sources. Inclusion criteria were based on the coverage of return to activity and if authors discussed residual symptoms, heat tolerance testing (HTT) or long-term treatment. These criteria were met by 52 total documents (articles and military protocols, etc.). The purpose of this review of literature is to describe the scientific evidence regarding recovery and the safe return to activity (RTA) following EHS.
Signs and Symptoms of Exertional Heat Stroke
A brief discussion of the signs and symptoms of EHS is presented here because they are important considerations in the recovery process. The signs and symptoms that originally present involve the same systems that may have lasting effects following EHS. Accepted diagnostic criteria for EHS include central nervous system (CNS) abnormalities coupled with extreme hyperthermia. The general consensus for diagnosis includes a core temperature above 40 to 40.6°C (104 to 105°F) immediately following an incident with CNS detriments. 2, 3 Virtually every organ of the body may be affected by the hyperthermia of EHS ( Figure 1 ). Hyperventilation, vomiting, and diarrhea may accompany EHS.
2-4 CNS dysfunctions may include, but are not limited to, dizziness, drowsiness, confusion, disorientation, staggering, apathy, hysteria, aggressiveness, a loss of consciousness, and coma. It has been reported that some patients demonstrate or claim that they have had several minutes of lucid behavior just prior to or after collapse; 5 however, CNS abnormality is often the primary marker, or the first visible sign, of EHS. [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] There are no premonitory signs or symptoms that consistently forewarn EHS, although some report that patients experience prodromal symptoms. 
Treatment of Exertional Heat Stroke
Damage is limited and recovery shortened if the initial treatment for EHS includes rapid whole-body cooling. The most important factor in assuring complete recovery is the amount of time the body's core temperature remains above a critical temperature. [17] [18] [19] Because complete prevention of EHS in athletic and military settings is impossible, it is important to have a treatment plan in place that limits sequelae. Ice-water immersion has shown the fastest cooling rates and is recommended by many. 2, 3, 8, 17, 18, [21] [22] [23] Following initial body cooling to ~38.9°C (102°F), the patient should be transported to an emergency medical facility as soon as possible. [2] [3] [4] The hospital staff then should maintain body temperature and monitor cardiovascular, renal, hepatic, musculoskeletal, and blood values. Subsequently, it is important to consider the steps that expedite recovery and lead to a successful return to activity or athletic competition.
Recovery Following Exertional Heat Stroke
An episode of EHS can cause critical debilitation to virtually all organs and systems of the body. The amount of damage, and thus recovery, depends on the amount of time core temperature remains above an individualized critical point (normally about 40.5 to 41°C or 105 to 106°F). [17] [18] [19] [20] The specific and distinct damage to the thermoregulatory, central nervous, cardiovascular, musculoskeletal, renal, and hepatic systems are important to understand when evaluating the current research and what occurs with each in EHS recovery. Virtually all victims recover without noticeable medical issues if effective treatment begins within 10 minutes. 17 The body systems that will be discussed include the thermoregulatory, neurological, cardiovascular, musculoskeletal, renal, and hepatic (Table 1) .
Thermoregulatory System
Heat intolerance is the inability to efficiently dissipate heat as well as normal individuals in similar conditions. 1 Armstrong et al 8 included in their definition of heat intolerance the inability to properly acclimatize to the heat. It has been hypothesized that if an individual has had a heat illness in the past, they may be more likely to suffer a repeat episode secondary to residual heat intolerance or thermoregulatory dysfunction. 2, 3, 6 An association between heat intolerance and prior EHS has been studied without a consistent conclusion. 8, [24] [25] [26] [27] In regard to residual thermoregulatory injury following EHS, various findings have been reported (Table 2) . Heat tolerance has been identified as early as three weeks post-EHS. On the other hand, heat intolerance has been identified as long as 5 years post-episode. One explanation for the varied results is that almost no HTT protocols are consistent. The duration, environmental conditions, exercise intensity, and inclusion of an acclimation period have varied throughout.
Heat intolerance may be due to inherent characteristics or previous EHS. Subjects tested a longer time post-injury may exhibit heat tolerance because they have had more time to recover (Table 3 ). An extended amount of time allows for complete system recovery and removal of any predisposing factors that may have contributed to the original EHS. Patients, for instance, can reestablish their fitness HTT at 5 weeks post injury showed that one patient was heat tolerant. The other confirmed similar results at 8 months.
Both patients were able to acclimatize to a hot environment within 3 to 11 months of EHS.
Large variability in recovery rates secondary to sample size.
9 EHS and 10 healthy control subjects compared 7 All EHS subjects failed HTT 2 to 5 years post EHS. All 9 said to be heat intolerant.
None of the EHS patients had recovered 2 to 5 years after injury.
Step test at 24 steps/minute in a hot environment used for HTT.
Case series of 10 military EHS patients 8 9 of 10 showed normal responses to heat with HTT about 2 months post injury.
All were heat tolerant within 1 year.
No prediction of timing of recovery identified.
19 EHS patients tested 26 HTT testing 1-month post injury showed only 26% heat intolerant.
74% of patients recovered within one month.
Also showed that HTT must include heat exposure and 2-hour duration. Hepatic injury serially checked following EHS revealed regeneration beginning within 9 days in both subjects.
Neurological
Both patients fully recovered within 2 months.
Hepatic dysfunction seems to heal rapidly post EHS.
Case report of 1 runner
11
Decreased coagulation, acute renal failure, rhabdomyolysis, and hepatic necrosis noted.
All laboratory values normal within 22 weeks.
Patient was cooled with water poured on body.
Case report of 1 runner 34 CNS, cardiac, hepatic, renal, vascular injury originally present.
Viral illness week prior to race. Cooling began 27 minutes post-EHS. Occurred during cool weather (9.5°C).
Patient recovered and began running without problem several months post-incident.
*Type of and time to treatment was not consistent. HTT = heat tolerance test; CNS = central nervous system; ADL = activities of daily living. HR elevation used to identify heat intolerance.
Authors concluded that 120 minutes and heat exposure required to identify heat intolerance.
level in this lengthy recovery period prior to HTT; however, this lengthy phase after EHS may not be warranted in a healthy population and may seem excessive for athletes returning to play. The one-month time period used by the Israeli Army (D.S. Moran, oral communication, November 2005) falls more in line with current sports medicine professionals' goals to efficiently rehabilitate their athletes and get them back to competition. It may be unnecessary for athletes to be required to wait more than a month following an initial EHS episode prior to HTT. Suggestions could also be made that the phase between EHS and HTT could vary based on episode severity and time until treatment was initiated. The length of time between EHS and residual heat intolerance are important factors to consider for athletes attempting a return to training and for medical personnel overseeing that activity. The duration of residual injury cannot be generalized at this point because heat intolerance following EHS depends on the extent and severity of multi-organ damage. Consistency regarding the HTT used to determine heat tolerance has not been identified ( Table 2) . Researchers have attempted to develop a standardized HTT for use as a screening tool for those employed in extreme environments. There are basically two types of testing protocols that have been shown to be effective. First, experts agree that a HTT must last at least 90 minutes 26, 27 and include heat exposure within the protocol. Second, some agree that a single HTT diagnoses heat intolerance, and others propose that an acclimation period separate two HTTs to identify any intolerance. 8, 25 The acclimation period measures the body's ability to adapt to successive days of heat exposure with a favorable outcome, extinguishing heat intolerance as a risk factor for future EHS. This gradual acclimation approach may be the most appropriate for athletes and military personnel because they are rarely exposed to extreme environments for a single day. Most HTTs used today include walking/jogging on a treadmill at speeds between 4.5 and 6.0 mph with an incline of 2 to 6% in an environment with 27°to 40°C (81° to 104°F) temperatures. 8, [24] [25] [26] [27] Common physiologic indicators used to determine intolerance include an increased rectal temperature and heart rate. 8, [24] [25] [26] [27] Future research should focus on the development of a particular HTT protocol and timing strategy post-EHS that is efficient for athletic and military settings.
Neurological System
Diagnostic criteria for EHS include the presence of neurological symptoms at the time of incidence. CNS dysfunction is often the first marker of pathology. 5, 16 Some patients have reported confusion or showed abnormal behavior for minutes prior to a loss of consciousness. In some severe cases, patients experienced a brief lucid consciousness even though their internal signs were most likely worsening. 3, 6, 20 Only two case reports show the possibility of residual injury within the CNS (Table 1) . One case report showed a patient displayed child-like behaviors with limited memory four months post-injury. 13 Even four years after incident, this patient was confined to a wheelchair with only partial mental abilities. This case suggests the possibility of a poor neurological prognosis following EHS due to damage incurred at the time of injury. A case report by Lew et al 12 presented a military case of EHS in which the patient suffered from disseminated intravascular coagulation, rhabdomyolysis, renal failure, sepsis, respiratory failure, and encephalopathy. This patient only was able to ambulate with the assistance of a walker and had lasting neurological deficits at the final reported follow-up, 90 days post-incident. There is evidence, however, that neurological deficits are likely temporary, mimicking deficits of other organs and body systems following EHS (Table 3) . One study involving 21 subjects tested roughly six months post-EHS for psychological deficits found all to have mental health. 28 These findings are based on current testing procedures and technologies. Psychological or CNS dysfunctions may exist long term and be shown with more precise instruments in this area, but they have not been consistently shown to date.
Evidence exists that negative neurological and psychological consequences of EHS correlate to other possible residual effects; they are not permanent. Some of the cases presented are contradictory and it seems that if CNS pathology is not severe, deficits are short-lived. Time to treatment evidence was not presented in these early cases. An early effective treatment that alleviates the body from organ damage may also save the body from lasting CNS pathology following EHS. Proper initial recognition and treatment of EHS directly impacts CNS pathology following EHS. 6, 20 Additionally, no predictor has been identified to this point for the possibility of permanent neurological deficits. Recovery in this area does not follow a consistent pattern and seems unpredictable.
Cardiovascular System
The cardiovascular system provides defenses against exertional heat illness by dissipating heat via increased blood flow to the periphery. Two components of this system can be adversely affected by hyperthermia, the myocardium, and the blood vessels. Cardiovascular changes include electrical conduction abnormalities, 9 partial myocardial ischemia, 9,29 relative hypovolemia, 30 and a hypercoagulative state 16, 31 as a result of heat stroke (Table 1) . Although most authorities believe that myocardial damage with EHS is uncommon, 9 some have reported that myocardial lesions occur. 29, 30 One case report showed normal electrocardiogram test results soon after injury. 32 This led to the recommendation that a long-term diagnosis is unwarranted. Studies involving subject follow-up have shown few long-term cardiovascular effects and that most are reversible (Table 3) . 9, 28, 30, 32 Even though cardiac abnormalities heal, there may be impairments subsequent to EHS. One short-term follow-up case report demonstrated that a myocardial infarction occurred as a direct result from EHS and showed no signs of healing within 43 days. 33 In this case, decreased blood coagulation and multiple hemorrhages, including major gastrointestinal bleeding, likely led to patient fatality. Research has shown that rapid treatment to normalize body temperature produces favorable cardiovascular outcomes. 9, 29, 30, 32, 34 
Musculoskeletal System
Exertional hyperthermia can negatively affect the musculoskeletal system. 35 Rhabdomyolysis (ie, muscle cell destruction due to hyperthermia or exertion) is the most serious complication post-EHS. 35, 36 If rhabdomyolysis occurs, it may chronically alter a person's lactate threshold and heat tolerance after injury. 35 Patients with prior EHS demonstrate a significantly shorter period of time to reach their lactate threshold on an incremental treadmill test. 37 This aspect of recovery requires more research and may be important for RTA considerations following EHS.
Rhabdomyolysis contributes to increased protein and myoglobin in the urine, which can be toxic to the kidneys and renal system. 10, 14 At this point, limited research has been published regarding the healing rate of muscle after rhabdomyolysis, and thus it is difficult to determine a prognosis post-EHS accompanied by rhabdomyolysis. Most patients are capable of returning to activity within four weeks of incident. 35 The musculoskeletal system is one of the initial systems to recover following EHS even if the patient is affected by rhabdomyolysis. We expect that patients who are cooled sooner and more efficiently have a positive prognosis.
6,35

Renal System
Renal function is commonly slowed or ineffective after EHS. 10, 29, 31, 34 Signs and symptoms may vary, but considering the critical importance of this system, cooling treatments must be initiated immediately and long-term dialysis may be necessary post-injury. 36 Renal effects are due to either the increased amounts of protein and muscle breakdown products released into the urinary system or tissue necrosis from hyperthermia. The added stress of hyperthermia may lead to acute renal failure.
There are case reports regarding EHS and the possibility of renal pathology following incident. One EHS case was reported in which rectal temperature reached 40.3°C, and the patient required peritoneal dialysis every other day for three weeks until anuria ceased. 10 Serious injury resulted, but the patient recovered without sequelae. Another case was reported in which prompt cooling rapidly corrected initial renal failure. 34 In epidemiological studies, the incidence of acute renal failure in association with EHS is about 13%. 38 Others have concluded that EHS need not always involve acute renal failure. 39 The premise here is that early recognition and treatment of renal failure with EHS resulted in a faster recovery with less residual complications. 39 Recent changes in the initial management of acute renal failure have shown positive results, 33, 34, 40 but the renal system must not be overlooked as a complication of EHS. 39 
Hepatic System
The liver often exhibits damage following EHS in runners. 11, 31, 34 One healthy runner who fell victim to EHS during a 10-kilometer run in the heat showed hepatic necrosis soon after hospital admission that recovered at four months post-injury, without complication. 11 Shibolet et al 6 found that hepatic injury was common in 36 cases and was directly proportional to the severity of hyperthermic injury. Mild cases showed less severe injury, while severe cases presented with worsening liver damage until death. Another case series of 39 subjects showed that liver damage was present in all cases. 41 It has been reported that hepatic injury post EHS is quickly reversible.
10,31,38
Bianchi et al 31 performed liver biopsies post-EHS, beginning nine days after an episode (Table 1) . They found that the liver began to repair by day nine and was completely healed two months following EHS. A recent case report showed initial hepatic damage was present, worsened slightly despite proper initial treatment, then reversed completely. 34 No reported studies have examined the efficacy of various therapies or rehabilitation specific to this injury. Apparently, hepatic involvement with EHS is a complication that will heal without consequence, if proper cooling treatment is administered in due time.
7,17
Long-Term Treatment
No long-term treatments exist specifically for EHS and are rarely required (Table  3 ). The primary goal of the treatment is for the patient to function autonomously rather than immediately return to activity. The other goal of treatment is to ensure that activities of daily living can be completed by the patient. In severe cases, continued dialysis for renal failure, 13, 42 coagulation medications for disseminated intravascular coagulation, 13, 42 and medication and rehabilitation for encephalopathy and rhabdomyolysis 13 may be necessary. Future precautionary measures might include controlled environmental acclimatization and varied training sessions to avoid EHS recurrence. Long-term treatment and rehabilitation for EHS depends on the severity of symptoms and the systems and organs affected. 43 For instance, Lew et al 13 described a case where individual speech therapy, wheelchair and walker mobility, and daily exercise therapy were performed so that the patient could return home and regain self-sufficiency. Surprisingly, there are no specific treatments for myocardial abnormalities, liver damage, and even CNS damage.
Decreasing Risk of Exertional Heat Stroke
A discussion of the causes and predispositions leading to EHS is necessary to reduce the occurrence of future cases. If EHS was caused by something that is still present during recovery, safe RTA may be hindered. We must understand the primary reason why someone has EHS prior to concerning ourselves with RTP. The following predispositions are not listed in a particular order of importance.
Dehydration, or the process of losing water stores, has been suggested as a predisposing factor for EHS in many studies.
1,2-9,11,27, 44 Costrini et al 9 found that all 13 EHS patients presented in a hypohydrated state or in a state of water deficit. A direct relationship has not been established between increased incidence of exertional heat illness and hypohydration, but it is generally accepted that dehydration is a factor that decreases exercise heat tolerance. 1, [2] [3] [4] [5] [6] [7] [8] [9] 11, 27, 44 The mental and physical stress of military basic training has been suggested as a cause of EHS. 3, 7, 9 Multiple case series reports have shown overall stress level to be a factor in EHS patients. 5, 44 Sleep loss was associated with psychological stress and increased physical stress in 60% of EHS patients. 8 Others have also concluded that lack of sleep alone is a contributing factor to EHS. 5, 27, 45 A lack of sleep apparently compromises the body's ability to dissipate heat, but the physiological mechanism has yet to be identified. 5, 7, 27, 44 Unacclimatized individuals are predisposed to EHS. 1, [2] [3] [4] [5] [6] [7] [8] [9] [10] 14, 16, 27, 40, 44 Heat acclimatization is the gradual exposure to increased exercise-heat stress that allows adaptations that encourage cardiovascular stability and improved heat dissipation. Almost every EHS case in the literature involved a lack of acclimatization to the surrounding environment. 1, [3] [4] [5] [6] [7] [8] 16, 40 Epstein et al 1 reviewed 150 cases of EHS and found that although a majority of episodes occurred during the hottest months, 40% occurred outside of summer. Another study showed that the environmental temperature at the time of collapse was less than the high temperature for that day. 5 An exposure to exercise in the heat on previous days increases subsequent exertional heat illness risk.
3,42 A recent case report described a marathon runner suffering EHS when the temperature was less than 10°C (50°F). 34 Thus, EHS may occur in a temperate climate as well as extreme heat. 24 Researchers have found that many EHS victims were overweight and not physically fit. Minard 44 and Rav-Acha et al 46 showed that this is a predisposing factor. Another recent study showed that an increased body mass index related to a 9% increased risk of exertional heat illness. 47 Although one study refuted the correlation between obesity and increased risk, 39 it is generally accepted that an increased body mass index may be included as a risk factor for EHS. 1, [2] [3] [4] [5] [6] 9, 11, 14, 16, 44, 47, 45 A recent or current illness seems to compromise the body's thermoregulatory system. An early epidemiological study (36 cases between 1956 and 1966) found that a previous illness, including diarrhea or vomiting, was present in many cases on days prior to the episode. 5 A case report of four patients showed that three had a concurrent illness when they experienced EHS. Their blood samples revealed possible pneumonia, Epstein-Barr virus, and other pathologies that may have contributed to their heat illness. 42 This study emphasizes that a current illness, although possibly in a pre-symptom incubation period, may compromise the body's thermoregulatory system and lead to heat illness. 40, 42, 44 Possibly the most important risk factor is the amount of predispositions that one has may multiply overall EHS risk. It was originally proposed that an increased amount of predisposing factors increases the likelihood and severity of EHS. 44 This paradigm was later supported by another case series in which six EHS patients all had at least nine of 15 possible predisposing factors (Figure 2 ). 46 These patients were then compared to 128 nonfatal cases; 90% of nonfatalities presented with less than five risk factors. The authors proposed that EHS risk could be calculated.
When the predispositions for fatal and nonfatal EHS are compared, some differences can be highlighted (Figure 2 ). For instance, low physical fitness was present in over 70% of patients, both fatal and nonfatal; however, a high heat load (WBGT ≥ 27°C or 80.6°F) was present in 83% of fatal cases, but only in about 17% of nonfatal cases. 46 Proper medical triage was absent in all fatal cases. Proper recognition is imperative to saving victims of EHS. No physiological cause of EHS can be identified as the primary precursor of the illness because EHS can be caused by many internal or external factors. It is important to emphasize the importance of the predispositions to EHS because the clinician needs to focus the attention on these factors to facilitate a safe RTA and prevent a future episode.
The ultimate goal of future research should be to identify a single predisposition or coupling predispositions that consistently precede EHS. Does EHS predispose an athlete to a future episode of EHS? By creating residual heat intolerance, that same individual could be more likely to suffer another episode due to the original EHS (Table 2) . Or, is the original cause, or combination of causes, still present following the initial EHS? Answering these questions could lead medical authorities to develop a testing protocol for the safe RTA of athletes and soldiers following EHS.
Return to Activity Criteria
Although subsequent EHS is relatively uncommon after a patient has suffered EHS, 48 there are potentially detrimental sequelae following an episode. These are important to consider when preventing a future EHS, as they may predispose someone to heat illnesses. [44] [45] [46] [47] Both athletic and military RTA protocols are cautious, 49 • Full clinical recovery, restricted duty including no vigorous activity lasting longer than 15 minutes. No physical testing permitted.
• After 90 days with no heat intolerance, normal work with minimal restriction is granted.
• When a season of hot weather without heat intolerance occurs, full clearance is granted.
National Athletic Trainers' Association (2002) 3 • Gradual RTA overseen by physician.
• Strictly monitored by onsite medical personnel.
• Functional evaluation of physical fitness prior to unrestricted RTA.
U.S. Army and Air Force (2003)
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• Three months of restricted activity lasting no longer than 15 minutes.
• Normal work permittence provided no heat intolerant episodes.
• No heat intolerance through the next summer warrants full return to activities.
Inter-Association Task Force of National Athletic Trainers'
Association (2003) 2 • Physician clearance, avoidance of exercise until lab testing is normal and athlete is asymptomatic.
• The severity of incident should indicate recovery time (at least one week without exercise).
• Cautious gradual return to exercise to reach physical fitness and heat acclimatization under medical supervision.
• Exercise should progress • Easy to moderate exercise in controlled climate for several days, progressing to strenuous exercise.
• Same exercise in he several days, progressing to strenuous exercise.
• Same exercise with equipment for several days, progressing to strenuous exercise.
Israeli Defence Force (2005)
• Hospital visit ceases normally by day 3.
• HTT occurs at about 1 month post-episode provided all lab values are normal.
• Once HTT indicates no heat intolerance, soldier may resume normal activities.
U.S. Marine Corps (2006)
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• No exercise for at least 24 hours, and not until concomitant illness or contributory cause is eliminated.
• Once liver transaminase levels return to normal, light duty is allowed.
• Over 3-day period, 50-100% activity progression takes place.
• Initially, the soldier is monitored, but full activity without extra attention is normally allowed by day 5-7 (90%).
• If soldier has problematic episode, he is reevaluated, and may begin protocol again.
American College of Sports Medicine (2007)
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• No exercise for seven days post hospital stay when follow-up with physician should take place.
• Physical exam including laboratory testing for every affected organ and blood is completed.
• The athlete is then encouraged to return to sport gradually, increasing intensity and length of exercise to gain acclimatization and heat tolerance.
• Heat tolerance testing should be completed about one month post EHS.
• Upon completion of heat tolerance testing with positive results, full participation is warranted.
Note. This table presents published guidelines from military and athletic settings known to date. HTT = heat tolerance test; RTA = return to activity.
which may be the cause of infrequent recurrence. In athletics, the desire for an athlete to RTA sooner may cause the sports medicine staff to push the envelope to facilitate an aggressive RTA. In military settings, the soldiers' job may depend on their RTA ability.
Military Personnel
Various branches of the military have attempted to compose guidelines for the return to activity following such an episode (Table 4) . US Army guidelines published in 1995 recommend a gradual return to activity post-EHS. 49 These were then updated in 2003 and included both the United States Army and Air Force. 50 The first requirement in these updated guidelines is that a soldier must pass a physical examination by a physician. Second, duties are extremely limited and soldiers may not complete physical testing or vigorous exercise lasting longer than 15 minutes, for a period of 90 days. Third, the soldier may resume normal work with minimal restrictions. These restrictions last for an undefined period of time and may include unspecified duties in the heat while monitored. Normal duties without restriction are allowed only after successful exposure to the heat. That is, once the individual has been through a period of hot weather without heat illness, he may return to full activity. These guidelines are not based on laboratory testing with exposure to heat stress, but instead allow an initial heat exposure with exercise to occur during duty in the field. The introduction of a specific HTT would be beneficial, prior to resuming actual field duties. 7, 9, 24, 46 The current practice of the Israeli Defense Forces may be the best documented to date. First, a previous EHS patient is allowed no extreme exposure to the heat. A primary cause of the particular EHS is investigated and identified. This cause is then removed, if possible. For instance, if the victim had been taking a medication known to cause heat intolerance, he must discontinue its use. Second, about a month post-EHS, the soldier undergoes a HTT that involves 120 minutes of walking on a treadmill in the heat. If the HTT results are favorable, the soldier is returned to normal activities. If the initial HTT results are not acceptable, the soldier repeats the test in approximately two weeks. If the soldier cannot pass a future HTT, he will be discharged from military service. This protocol has shown positive results, preventing sequelae and producing a rather rapid return to activity for heat tolerant soldiers (D.S. Moran, oral communication, November 2005).
The most recent presented RTP protocol was first presented at the 2006 AMAA Marine Corps Marathon medical meeting. 51 This protocol is used by the US Marine Corps in Quantico, Virginia during training. First, the soldier is held out of activity for three days following EHS. When blood enzyme levels return to normal (CPK, AST, ALT, etc.), the soldier is allowed to begin a gradual return to activity. Over the course of the next 3 to 4 days, the soldier is introduced to moderate activity that is advanced to full activity by day 7, regardless of heat stress. It was reported that 90% of (~200) EHS victims have returned to full activity within 5 to 7 days of EHS, with minimal sequelae or complication. This protocol is most likely successful because the time to treatment is minimal due to the excellent and rapid care. This aggressive protocol has not been published to date and is anecdotally successful, but it warrants future research and attention.
Athletes
Scientific athletic RTA guidelines are limited in number and recommendations, as outlined in Table 4 . Common sense and caution serve as the foundation for existing recommendations. 2, 3 Liability concerns and a lack of scientific research are possible reasons for the absence of concrete recommendations. One recommendation includes physician clearance and a gradual RTA at least one week following injury, with a reliance on the severity of injury as a gauge. 2 Future steps should be taken to develop appropriate steps for gradual RTA, following various severities of EHS, so that a second episode is avoided.
A more recent paradigm arose from expert members of the American College of Sports Medicine. 52 First, no exercise should take place for at least a week after an EHS patient leaves the hospital. After one week, the patient should be examined by a physician and receive medical clearance for physical exercise, after all laboratory testing and diagnostic imaging is negative. This assures that the athlete has no apparent residual injury that might compromise his or her health during exercise. A gradual increase in the duration, intensity, sport specific protective equipment, and environmental heat stress then begins. This allows for heat acclimatization and a demonstration of normal heat tolerance. Next, a HTT is completed about one month after the initial episode. No recommended duration of testing, amount of heat exposure, or acclimatization period are suggested. Finally, the athlete should be allowed to RTA without restriction if he passes a HTT without complication.
Conclusion
The timing of recovery and residual symptoms of EHS have been proposed, reported in specific cases, but have not been substantially defined to this point. The amount of time a patient's core temperature remains above a critical point is the determinant of damage and residual symptoms. Proper immediate recognition and treatment lessens this time and expedites recovery. The practical implications are that recovery is individualized, and we recommend that blood values be obtained and a HTT precede return to full activity in both military and athletic settings. We also recommend a gradual increase in exercise RTA following the most recent guidelines from the ACSM. 52 Further research is necessary regarding RTA guidelines following EHS to avoid recurrence. Until conclusive evidence exists regarding the timeline of recovery that is consistent with successful RTA, general guidelines and decisions must be made on a case-by-case basis.
